Background: Colorectal cancer is one of the most frequently observed neoplasms in the world. It develops from intraepithelial neoplasia of the colorectal mucosa, and these precursor lesions are also known as adenoma. As the precursor lesion is known and can be detected easily, efficient screening strategies are available for a reliable prevention of colorectal adenocarcinoma, e.g. by colonoscopy. Methods: Literature databases (PubMed) were searched selectively for the keywords 'colorectal adenoma', 'epidemiology', and 'resection techniques'. The results are presented in the following text, also taking into account our own experience and the current S3 guidelines. Results: Endoscopic resection samples are one of the specimens most frequently assessed by pathologists. Therefore, gastroenterologists expect standardized and well-structured pathology reports, stating relevant information concerning the removed lesions and recommendations for clinical management. These aspects are summarized in the evidence-based S3 guideline. Conclusion: As a consequence of colorectal adenoma resection during screening procedures, the carcinoma incidence is decreasing. For further advancements in successful prevention, knowledge of different precursor lesions (conventional adenoma, serrated adenoma) is important, but also structured communication between the different disciplines engaged in colorectal cancer screening.
to increase, as colorectal adenocarcinoma, like most other malignant diseases, remains a disease of advanced age.
The National Polyp Study in the USA demonstrated that colonoscopy combined with polypectomy reduces the incidence of colorectal adenocarcinoma by more than 75% [7] . Additionally, impressive calculations were published in recent studies: They demonstrated for a birth cohort of 4 million individuals surveyed at the recommended screening intervals that 31,500 deaths would be prevented leading to an overall gain of 338,000 life years over the expected lifetime of the birth cohort. In the year 2000, the decrease in costs to the health insurance system associated with offering patients aged 50 years and older the choice of colorectal cancer screening was USD 11,900 per year of life gained [8] .
Similarly to the USA, in Germany colorectal cancer screening is offered as a public health service to reduce economic burden and to ensure quality of life. Screening colonoscopy is offered to every person above 55 years, and is routinely repeated in 10-year intervals, depending on the results of the index colonoscopy. Alternatively, blood stool tests are repeated every 2 years [1, 2] .
The incidence of precursor lesions of colorectal carcinoma depends on the surveying strategy. In colonoscopy-based studies, the prevalence is about 25%; in sigmoidoscopy-based studies, it is at least 10%. This represents the higher prevalence of colorectal adenomas in the left-sided hemicolon, which comprise about two thirds of all precursor lesions [9] . The incidence of colorectal adenoma is age-dependent, being lower in younger individuals and reaching a peak after the seventh decade of life. In autopsy studies, the incidence reaches 88% above the age of 80 years. In the sixth decade, the prevalence is already as high as 41-69%. Men are more often affected than women, and 40% of patients in screening studies show more than one adenoma [9] . 2% of all asymptomatic patients undergoing screening colonoscopy show highgrade lesions, whereas 1% already has invasive disease.
Since the introduction of screening colonoscopy in 2002, about 100,000 colorectal carcinomas could be prevented, while 300,000 high-grade lesions were removed and about 50,000 asymptomatic colorectal cancers were diagnosed at an early stage (Union internationale contre le cancer (UICC) stage I/II) [10] .
Endoscopic Diagnostics/Specimens
Complete colonoscopy is the gold standard for screening purposes. Different endoscopic techniques, in combination with polyp resection strategies, are reviewed in the following articles in this issue. Screening colonoscopy is a standardized procedure; therefore, certain standards are recommended for documentation, comparability for follow-up colonoscopy, and interdisciplinary cooperation between endoscopists, pathologists, and general practitioners. Table 1 summarizes the requirements for endoscopy reports. The pathohistological as-
Epidemiology
Colorectal cancer is the third most prevalent cancer in the western world, accounting for up to 10% of the annual cancer incidence: It is the only major malignant disease with the same incidence rates in men and women [1] [2] [3] . The risk factors for development of colorectal adenocarcinoma can be divided into two classes. The first class comprises lifestyle factors such as unbalanced nutrition, i.e. a high-fat and low-fiber diet, little fresh fruit and vegetables, and a reduced folate uptake. Age above 50 years is another risk factor. The formation of colorectal carcinomas is further promoted by adipositas, high alcohol intake, nicotine abuse, and a generally sedentary lifestyle. The second class considers ethnicity, the patient's history of colorectal cancer (i.e. former adenomas), and a family history related to colorectal carcinomas (i.e. hereditary carcinomas) as an indicator for an increased cancer risk.
Additionally, hereditary cancer syndromes like familial adenomatosis polyposis coli or Lynch syndrome are also considered to be models of different colorectal adenoma carcinoma sequences, and the recently described hyperplastic polyposis syndromes such as MUTYH have high lifetime risks of up to 100% for the development of colorectal adenocarcinoma. Furthermore, Peutz-Jeghers syndrome, juvenile polyposis (Cowden/Gardner syndrome), hereditary mixed polyposis syndrome, and other hereditary cancer syndromes are also associated with colorectal adenocarcinoma. Moreover, patients with inflammatory bowel disease (i.e. colitis ulcerosa, and to a lesser extent Crohn's disease) exhibit an increased colorectal cancer incidence.
Screening procedures have proven to be an efficient tool to reduce colorectal cancer mortality by allowing the detection of malignant tumors at an early stage, and enable the removal of precursor lesions. Partly as a consequence of screening strategies, death from colorectal adenocarcinoma has declined in the last decade by over 2% per year in the USA. In Europe, a similar tendency was observed: the mortality declined for men by 1.6% (18.8/100,000 per year) and by 2.5% per year for women between 1997 and 2002 [4] [5] [6] .
Concordant with the improvements in screening strategies, changes in incidence rate, stage at diagnosis, mortality, and location (i.e. left-sided to right-sided colorectal carcinoma) have been reported over the last two decades. Apparently, related to the ageing population, the decreased incidence of left-sided cancer is more significant than a real increase in right-sided cancer which is more prevalent in the elderly, especially in women. Probably, this change, as well as differences in the molecular biology, can be attributed to the observations described, in combination with screening achievements and changes in lifestyle with different exposures to procarcinogenic agents in the proximal colon; at least, previous polypectomy is more likely in the distal colon than in the proximal colon. However, as a consequence of the ageing society, the economic burden of cancer treatment is suspected mens. The pathology report will contain the procedure performed, and state the features present in the sample such as mucosa or submucosal structures, intraepithelial neoplasia, or invasive growth. If polypoid lesions are resected, the histological subtype such as neoplastic (adenomatous/malignant), hyperplastic, hamartomatous, or inflammatory will be stated. In the case of an adenomatous lesion, its structure is described as tubular, tubulovillous, villous, or serrated, and the intraepithelial neoplasia is graded as low-or high-grade. Additionally, the resection status (complete/incomplete) is discussed. The information concerning grading and resection margins is essential for follow-up recommendations, as carcinoma risk and local recurrence rate depend on resection status, size, morphology, and grade of the intraepithelial neoplasia. If invasive growth such as adenocarcinoma is detected, the invasion depth should be commented on, invasion of lymph or blood vessels should be indicated, and resection margins must be analyzed as described later.
Histopathology of Polypoid Lesions
Although endoscopic resection specimens or biopsies lack the size and complexity of more extensive bowel resections, they are delicate structures and require meticulous processing. In a routine setup, the number and size of the resected specimens should be stated. If complete polyps were resected or mucosectomies are available, their size and structure has to be described, whereas in pedunculated lesions the dimension of the base is of importance [14] ( fig. 1 ).
As already mentioned, endoscopically polypoid appearing lesions can show different histological qualities (i.e. neoplastic (adenomatous/malignant), hyperplastic, hamartomatous or inflammatory); their characteristics are described in the following:
Inflammatory lesions such as inflammatory pseudopolyps, granulation tissue, or regenerative tissue can show a polypoid appearance endoscopically. Histologically, inflammatory sessment of the endoscopic findings remains mandatory, although several studies stated great improvements in endoscopic diagnostics. In the recent DISCARD (Detect Inspect Characterise Resect and Discard) study conducted in reference centers with specific interest in endoscopic imaging, the prediction of polyp histology by means of endoscopic pattern analysis was found to have an accuracy of more than 90% [11] . As a consequence, it has been suggested that for small lesions, endoscopic imaging techniques might be used for differential diagnosis to reduce workload and costs. In contrast to this, a large prospective study published in Gut in June 2013, based on private practice screening settings, also compared endoscopic and pathohistological diagnosis with polyp differential diagnosis as the main outcome [12] . In this study, latest generation colonoscopes were used, which yielded an accuracy, sensitivity, and specificity of the in vivo diagnoses of only 76.6, 78.1, and 73.4%, respectively. The in vivo diagnostic accuracy was thus much lower when compared to the previously published study mentioned above [13] . According to these observations, histological assessment is still absolutely necessary for correct post-polypectomy surveillance and diagnosis.
Due to modern endoscopic techniques, several methods for biopsy extraction or polyp resections are available. Even large lesions can be removed by endoscopic (sub-)mucosal dissection (EMD/ESD). As the risk of invasiveness increases with the size of the polyp, these lesions have to be analyzed very carefully. In all cases, relevant clinical information such as patient history, endoscopic appearance, and the exact anatomic site must be given as this information is essential for a correct and comprehensive diagnosis. Especially previous malignancies in the patient history have to be specified.
Histopathological Assessment
Histopathological assessment of endoscopic specimens depends on clinical information, size, and structure of the speci- Adenomatous/preneoplastic lesions encompass adenomas, conventional tubular, tubulovillous and villous, as well as serrated adenomas, and intraepithelial neoplasia in cases of inflammatory bowel disease. The latter type of lesion is further classified as dysplasia-associated lesion or masses (DALM), flat intraepithelial neoplasia, or adenoma-like masses (ALM).
Conventional adenomas are defined by two histological key features: the architecture and the degree of intraepithelial neoplasia. The architectural pattern describes the proportion of tubular components, e.g. neoplastic epithelial glands surrounded by lamina propria and villous components containing the epithelial lining and the lamina propria. Tubular and vil-changes are present with regenerative and often hyperplastic epithelium, irregular crypt formation, and granulation tissue with many capillaries, fibroblasts, and inflammatory cells. The regenerative changes in the epithelium must be distinguished from neoplastic proliferation.
Hamartomatous polyps often develop in the context of hereditary diseases such as Peutz-Jeghers syndrome, or in patients with juvenile polyposis. Hamartomatous polyps as juvenile polyps and Peutz-Jeghers polyps display characteristic features like hyperplastic crypts and inflammatory changes or branching smooth muscle fibers ascending into the submucosa. They are often multiple. Hyperplastic polyps are small symmetric lesions which can be classified into three different subtypes, namely, microvesicular (most frequent), goblet cellrich, and mucin-poor [16] . The microvesicular subtype often contains a BRAF mutation. This suggests that this is the probable precursor of sessile serrated adenomas. In contrast, goblet cell-rich subtypes lack BRAF mutations, but display KRAS mutations instead [17] .
Sessile serrated adenomas/polyps comprise 1-9% of all polypoid colorectal lesions. They are mostly located in the right hemicolon and are usually about 5 mm in size. As they are flat or sessile lesions often covered by a mucus cap, they are more difficult to detect endoscopically than conventional adenomas. Histologically, they show characteristic serration of crypts with basal architectural disturbances with branching and pseudoinvasion or inverted crypts [16] .
Since the recognition of serrated lesions as a precursor of a distinct subtype of colorectal adenocarcinoma, the awareness concerning these lesions has increased. In recent studies, interobserver agreement for classification of sessile serrated adenomas was quite low [18] . This is partly due to the WHO definition of 2010: if as little as 2 or 3 contiguous crypts demonstrate features of sessile serrated adenoma in an otherwise hyperplastic-appearing polyp, the lesion should be classified as a sessile serrated adenoma [3, 19] . As mentioned above, basal crypt architecture is crucial for this classification. Therefore, biopsy technique and orientation in the pathohistological assessment are very important, and correct classification in small superficial biopsies can be impossible.
Traditional serrated adenomas are rare (<1% of all intestinal polyps). They are more common in the left hemicolon lous adenomas have per definition less than 20% villous or tubular components. Otherwise, the lesion is classified as a tubulovillous adenoma (fig. 2 ). The interobserver variability concerning this classification is quite high, but it is needed to determine the follow-up criteria (table 2). The degree of intraepithelial neoplasia depends on the cellularity, loss of cellular polarity and stratification, nuclear polymorphy/hyperchromasia, and crowding of adenoma cells.
Complete resection can be stated if non-dysplastic mucosa is present at the resection margins. In fragmented resection material, complete resection cannot be ascertained, although it might be histologically possible. In the report, this should be commented on. In these cases, complete resection should be evaluated depending on endoscopic findings.
Flat adenomas used to be more commonly described in Asian studies, but awareness of this type of lesion is increasing in the western world. Flat adenoma is usually defined as an elevation that is generally less than the height of a closed biopsy forceps (2.5 mm) or histologically less than twice the height of the adjacent mucosa. Rare cases can be situated at the level of the mucosa, or even be depressed. These lesions are more likely to display high-grade intraepithelial neoplasia or invasive growth.
Serrated Lesions
The so-called 'serrated polyp' was first described by Longacre and Fenoglio-Preiser in 1990 [15] . This subgroup of polypoid lesions is supposed to be the precursor of sporadic microsatellite-instable colorectal adenocarcinoma, and contains different heterogeneous structures all of which display a serrated morphology:
Hyperplastic polyps are distinguished from sessile and traditional serrated polyps/adenomas and mixed polyps contain- 
Invasive Adenocarcinoma
The rate of adenocarcinoma detection in polypoid lesions depends on the size of the polypoid lesion. In diminutive polyps (<5 mm), less than 2% display advanced features such as high-grade intraepithelial neoplasia, and these are almost never associated with carcinoma [15] . Small lesions, 5-10 mm in diameter, display advanced features in 10%, and invasion of the submucosa in almost 1% of cases. In conventional villous adenoma, invasive growth is present in more than 50% of patients, summing up to an overall incidence of invasive adenocarcinoma in 4.7% of all polypectomies [7] .
If invasive growth is present in a polypectomy specimen, the precursor lesion must be described. The grading (lowgrade (G1, G2) vs. high-grade (G3, G4)) and histological subtype of the adenocarcinoma (e.g. mucinous, signet ring cells and are polypoid. Histologically, they are also serrated, but exhibit a more villous histology with eosinophilic cytoplasm of the neoplastic epithelium and intraepithelial microazini ( fig. 3 ).
Submucosal Lesions
Also, quite often submucosal mesenchymal lesions, or neuroendocrine tumors, and rarely mucosal metastases, are suggestive of polypoid lesions endoscopically. In these cases, clinical information is even more important. In addition to conventional hematoxylin/eosin staining of histological sections, immunohistochemistry is necessary for diagnosis in those cases. Examples of these lesions are listed in Munding/Tannapfel etc.) is stated, as well as the presence of invasion of submucosal or deeper structures. As the risk of lymphatic spread correlates with the invasion depth, in the case of submucosal invasion the invasion depth should be measured quantitatively ( m) in the resection specimen and indicated in the pathology report. For the risk assessment, the submucosal level is subdivided into thirds. Invasion of the upper third or of the polyp base of a pedunculated polyp is labeled as sm1 and considered as low risk. Together with sm2-adenocarcinomas, which show invasion of the middle third of the submucosa, the risk of lymphatic metastasis is only 0-6%, while in sm3lesions, with invasion of the lower third, lymphatic metastasis is present in 20%. These lesions are considered as high risk.
Additionally, invasion into lymphatic vessels is generally categorized as high risk. Invasion into blood vessels should also be stated. As in adenomatous lesions, the resection margin has to be assessed, and the distance of the carcinoma to the resection margin has to be measured quantitatively in m. Concerning further therapy, it is important to classify endoscopically completely resected T1-adenocarcinoma as low-
